To characterize Brn3a expression in adult albino rat retinal ganglion cells (RGCs) in naïve animals and in animals subjected to complete intraorbital optic nerve transection (IONT) or crush (IONC). METHODS. Rats were divided into three groups, naïve, IONT, and IONC. Two-, 5-, 9-, or 14-day postlesion (dpl) retinas were examined for immunoreactivity for Brn3a. Before the injury, the RGCs were labeled with Fluorogold (FG; Fluorochrome, Corp. Denver, CO). Brn3a retinal expression was also determined by Western blot analysis. The proportion of RGCs double labeled with Brn3a and FG was determined in radial sections. The temporal course of reduction in Brn3a ϩ RGCs and FG ϩ RGCs induced by IONC or IONT was assessed by quantifying, in the same wholemounts, the number of surviving FG-labeled RGCs and Brn3a ϩ RGCs at the mentioned time points. The total number of FG ϩ RGCs was automatically counted in naïve and injured retinas (2 and 5 dpl) or estimated by manual quantification in retinas processed at 9 and 14 dpl. All Brn3a immunopositive RGCs were counted using an automatic routine specifically developed for this purpose. This protocol allowed, as well, the investigation of the spatial distribution of these neurons.
:ARVO E-Abstract 911), [1] [2] [3] [4] [5] [6] [7] [8] as well as to assay neuroprotective therapies. 9 -13 RGCs share their location in the ganglion cell layer with the equally numerous population of displaced amacrine cells, 14 -17 making it difficult to distinguish these two types of retinal neurons. 7, 13 One of the most common methods of identifying RGCs relies on the use of neuronal tracers applied to their main targets in the brain, the superior colliculi (SCi). 7,11,18 -20 Fluorogold (FG; Fluorochrome Corp, Denver, CO) is the tracer of choice for most laboratories, 7, 18, 21, 22 and application of this tracer to both SCi results 1 week later in the labeling of 98.4% and 97.8% of the RGC population in albino and pigmented rats, respectively. 18 An alternative for identifying RGCs is the immunodetection of proteins specifically expressed by these cells 14, 23, 24 or in situ hybridization to detect RGC-specific mRNAs. Thy1 is an RGC-specific antigen, 25, 26 but it is not a good marker of RGC loss after retinal lesion, [27] [28] [29] since its expression pattern may change after retinal injury. 2, 27 Immunodetection of Bex1/2 recognizes both RGC bodies and their projections and thus is an appropriate marker for the study of RGC morphologic changes associated to injury. 30 Because of its axonal expression, however, it is not suitable for quantification analysis. In situ hybridization of ␥-synuclein is a good approach to identifying RGCs, 31 but this technique impairs double labeling with antibodies, and it is more difficult than immunohistofluorescence protocols. Transgenic approaches have also been used successfully to identify various populations of retinal neurons, including RGCs, 32, 33 but this technology is not widely available in rats.
The Brn3 family of POU-domain transcription factors has been shown to play important roles in differentiation, survival, and axonal elongation during the development of murine RGCs. 34 These factors are also emerging as reliable markers for RGCs. For example, Brn3b has been used to identify RGCs in mice 35 and rats, 30 and Brn3a has been shown to be specifically expressed by RGCs that project to the contralateral SCi and dorsal lateral geniculate nucleus in adult mice 36 and has been used to recognize RGCs from rat retinas cultured in vitro. 37 To date, however, there have been no reports analyzing the number of rat RGCs expressing Brn3a, its spatial distribution within
MATERIAL AND METHODS

Animal Handling, Groups, and Surgery
Adult female Sprague-Dawley rats (180 -220 g body weight) were obtained from the University of Murcia breeding colony. For anesthesia, a mixture of xylazine (10 mg/kg body weight; Rompun; Bayer, Kiel, Germany) and ketamine (60 mg/kg body weight; Ketolar; Pfizer, Alcobendas, Madrid, Spain) was used IP. All experimental procedures were performed in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research.
The left optic nerve was intraorbitally injured according to standard procedures in our laboratory (Parrilla-Reverter G, et al. IOVS 2004;45: ARVO E-Abstract 911). 7,8,11,20,38 -40 For intraorbital optic nerve transection (IONT), the optic nerve was sectioned 0.5 mm from the optic disc, whereas for intraorbital optic nerve crush (IONC), the optic nerve was crushed for 10 seconds at 3 mm from the optic disc with watchmaker's forceps (Parrilla-Reverter G, et al. IOVS 2004;45:ARVO E-Abstract 911) 8 ; the right eyes were used as the control. RGCs were identified with FG (3% diluted in 10% DMSO-saline) applied to both SCi by using previously described techniques that are standard in our laboratory, 5, 11, 18, 39 1 week before processing in the naïve group or one week before optic nerve injury in the experimental groups.
Three groups were prepared, one control naïve and two experimental subjected to IONT or IONC; these two were analyzed at 2, 5, 9, or 14 days. The number of retinas analyzed per group, time point, and analysis performed is shown in the results. All animals were labeled with FG, except the four additional naïve animals whose retinas were used to assess whether Brn3a detection was affected by FG-tracing (naïve without FG group, see the Results section) and the animals used for Western blot analysis.
Immunohistofluorescence
All animals were deeply anesthetized and perfused transcardially with 4% paraformaldehyde in 0.1 M phosphate buffer after a saline rinse.
Radial Sections.
Immunohistofluorescence analyses were performed as previously described. 38, 39 The sections were blocked in 2% donkey serum in phosphate-buffered saline (PBS) with 0.1% Triton-100 (PBST) and incubated overnight a 4°C with goat-anti Brn3a (C-20) antibody (Santa Cruz Biotechnology, Heidelberg, Germany) diluted 1:200 in PBST. Immunoreactivity was detected with Alexa Fluor-568 donkey anti-goat IgG (H ϩ L) antibody (Invitrogen-Molecular Probes, Barcelona, Spain), diluted 1:500 in PBST.
Flatmounted Retinas. Retinas from both eyes were dissected as flattened wholemounts as previously reported. 18 The retinas were permeabilized in PBS 0.5% Triton by freezing them for 15 minutes at Ϫ70°C, rinsed in new PBS 0.5% Triton, and incubated overnight at 4°C with goat-antiBrn3a antibody diluted 1:100 in blocking buffer (PBS, 2% bovine serum albumin, 2% Triton). Then, the retinas were washed three times in PBS and incubated for 2 hours at room temperature with the secondary antibody diluted 1:500 in blocking buffer. Finally, they were thoroughly washed in PBS and mounted vitreous side up on subbed slides and covered with antifading solution.
Western Blot Analysis
Western blot analysis was performed as previously described. 38, 39 Protein was extracted from freshly dissected retinas of control, IONT, and IONC injured animals (12 and 48 hours [hpl] , and 7 dpl, n ϭ 4 per group and time point). Brn3a signal was detected with goat-anti Brn3a (C-20) antibody (1:200 in PBS-Tween 0.1%). Secondary detection was performed with horseradish peroxidase donkey anti-goat-conjugated secondary antibody (1:5000, Santa Cruz Biotechnology), visualized by chemiluminescence (Enhanced Chemiluminescence [ECL]; Amersham-GE Health Care Europe GmBH, Barcelona, Spain) and exposure to an x-ray film. As loading control, actin detection was performed with rabbit anti-actin (Sigma-Aldrich, Alcobendas, Madrid, Spain) detected with donkey anti-rabbit-HRP (Santa Cruz Biotechnology).
Retinal Analysis
All wholemounted retinas (left and right eyes) were analyzed for FG and Brn3a signal, acquiring first the FG and then the Brn3a signal. In the naïve group without FG, only Brn3a signal was acquired. To make reconstructions of retinal wholemounts, we photographed the retinas under an epifluorescence microscope (Axioscop 2 Plus; Zeiss Mikroskopie, Jena, Germany) equipped with a computer-driven motorized stage (ProScan H128 Series; Prior Scientific Instruments, Cambridge, UK), controlled by IPP (IPP 5.1 for Windows; Media Cybernetics, Silver Spring, MD), as previously described. 17, 18 Reconstructed images were further processed when required (Photoshop CS 8.0.1; Adobe Systems, Inc., San Jose, CA).
Image Processing: Automatic Quantification of the Total Population of FG or Brn3a
؉
RGCs in Wholemounted Retinas
The individual FG-fluorescent images taken for each retinal wholemount were processed after a specific cell-counting subroutine developed by our group, 18, 41 and this method was used to automatically quantify FG ϩ RGCs in naïve and injured retinas at 2 and 5 dpl. Briefly, we used the IPP macro language to apply a sequence of filters and transformations to each image to clarify cell limits and to separate individual cells for automatic cell counting previously reported in detail. 18 Because the Brn3a signal in naïve and injured retinas was clear and strong, an automatic routine was developed to quantify the total number of Brn3a ϩ nuclei present in flat wholemounted retinas: In a first step, images were converted to 16-bit gray scale to discard the color information. This step was followed by the application of the convolution filter HiGauss (kernel size 7 ϫ 7) to highlight positive cells. The resultant image data were then filtered with a Sharpen (7 ϫ 7) filter, which enhances fine detail using the unsharpening masking technique. After that, the image data were filtered again with the LoPass (7 ϫ 7) filter, which softens the image by blurring the edges and replaces the center pixel with the mean value of its neighborhood. Finally, the resultant images were passed through the HiPass (7 ϫ 7) filter, which enhances high-frequency information and replaces its center pixel with a value that increases contrast from its neighbors. Cell clusters were separated by two passes of the IPP watershed split morphologic filter, which erodes and dilates objects separating overlapping ones. The nuclei were counted within predetermined parameters to exclude objects that are too large and too small to be RGCs nuclei. Finally, the data of each count were displayed and exported by dynamic data exchange to a spreadsheet (Office Excel 200; Microsoft Corp., Redmond, WA) where the data were filed and saved for further analysis.
Validation of the Brn3a Automatic Counting Method
To validate the Brn3a automatic counting method, three different experienced investigators counted manually, in a masked fashion a total of 26,625 Brn3a ϩ RGCs present in 21 frames, representing different RGC density regions which were randomly selected from six wholemounted naïve retinas. 
Isodensity Maps
Detailed spatial distribution of FG ϩ RGCs and Brn3a ϩ RGCs over the entire retinas was demonstrated with isodensity maps constructed as previously described.
18,41
Manual Quantification of FG ؉ RGCs in Wholemounted Retinas
To determine the number of FG ϩ RGCs in injured retinas at 9 or 14 days, we counted the cells manually according to a previously described method, 3, 7, 11, 42 because the presence of microglial cells transcellularly labeled with FG interfered with the automatic counting. 43 The fusiform body and the dot-like FG accumulations in microglial cells make it possible to tell them apart from the typical appearance of FG-labeled RGCs. 5 FG ϩ RGCs were counted by three investigators blinded to procedure in photographs of 12 rectangular areas (each 0.1515 mm 2 ) of each retina, three in each quadrant. The first image was taken at 0.875 mm from the optic disc and the remaining two 1 mm apart from each other. The number of labeled cells in the 12 photographs was averaged and the mean number of FG ϩ RGCs per area unit was extrapolated to the total area of each retina, to estimate the total number of FG ϩ RGCs present in each one.
Retinal Area Measurement
The area of each wholemounted retina was measured on the highresolution photomontage image of the whole retina with the computer program (IPP; Media Cybernetics) calibrated off the stage movement.
Assessment of the Brn3a Expression Pattern in Naïve and Injured Retinas and of the Percentage of Cells Positive for FG, Brn3a, or Both Markers in Naïve Retinas
Images from radial sections of naïve and IONT-and IONC-injured retinas processed at 2, 5, 9, or 14 dpl were taken randomly from different areas of the retina, acquiring FG and Brn3a signal for each one. Five retinas from experimental animals were analyzed per time point and lesion and six from control ones. Images from each signal were coupled (Photoshop CS 8.0.1; Adobe Systems, Inc., San Jose, CA) to assess for colocalization. The number of cells positive only for FG (blue signal), only for Brn3a (red signal), or for both markers (colocalization), was counted in naïve retinas. In each image, there were 26 Ϯ 11 (mean Ϯ SEM) RGCs, thus at least 10 images per retina were analyzed (2192 RGCs were counted in total). The percentage of positive cells for either marker combination was calculated in relation to the total number of cells counted, which was considered 100%. Fluorescence microscopy of wholemounted naïve retinas immunodetected for Brn3a showed many stained nuclei in the ganglion cell layer distributed throughout the retina (Fig. 1A ). An automatic routine, which allows rapid and reliable counting, was used to quantify the whole population of Brn3a ϩ RGCs. Moreover, once all the RGCs are counted, it is possible to analyze their spatial distribution in the retina by means of detailed isodensity maps 18, 41 (Fig.  1B ). These same retinas had been previously traced with FG (Fig. 1C) . Thus, for comparison, the number of FG ϩ RGCs was also counted (Table 1) . In these retinas, the averaged total number of Brn3a ϩ RGCs (84,682 Ϯ 7,601; mean Ϯ SEM; n ϭ 14) was not significantly different from the mean total number of FG ϩ RGCs (80,252 Ϯ 2,210; Table 1 ). To document that retrograde tracing with FG did not interfere with Brn3a immunodetection, in eight naïve retinas without FG, Brn3a ϩ RGCs were counted as well. In these retinas, the mean total number of Brn3a ϩ RGCs (84,813 Ϯ 5,668) was comparable to that of the cells counted in the group of naïve retinas prelabeled with FG, as described earlier, thus indicating that previous tracing with FG does not impair the detection of Brn3a or the quantification routine.
Statistical Analyses
Detailed isodensity maps were constructed to examine the spatial distribution of FG ϩ RGCs and Brn3a ϩ RGCs in the retina. These maps showed that these two populations always adopted a comparable spatial distribution within the same retinas (Figs. 1C, 1D) , with high RGC densities in the dorsal area resembling a visual streak, which is a typical feature of RGC spatial distribution in the rat retina. 18 To further demonstrate that Brn3a was expressed by RGCs, we analyzed radial sections of FG-traced retinas immunostained for Brn3a. The nuclear signal of Brn3a was circumscribed to the ganglion cell layer, and most of the Brn3a ϩ cells were also FG ϩ (Fig. 2A) . Quantification of the number of cells positive for either marker showed that in naïve retinas 92.2% of FG ϩ RGCs also expressed Brn3a, 4.4% of the retinal cells expressing Brn3a were not labeled with FG, and 3.4% of FG ϩ RGCs did not express Brn3a (Fig. 3A) . Taken together, these results indicate that Brn3a is expressed in most of the FG ϩ RGCs and suggest that Brn3a may be used as a marker to identify RGCs in naïve retinas.
Brn3a Expression Pattern in Optic Nerve-Injured Adult Rat Retinas: Qualitative Analysis in Radial Sections
We next performed a group of experiments designed to determine (1) whether Brn3a expression in RGCs was maintained after optic nerve injury and (2) whether other retinal cells would start to express Brn3a as a result of the lesion. Radial cryostat sections of FG-traced retinas undergoing IONT or IONC examined at different times postlesion showed the typical progression of RGC loss induced by optic nerve in- 
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jury. 7, 8, 11 These same sections also showed that after IONT or IONC, Brn3a was expressed in the ganglion cell layer (Figs. 2B,  2C ) and, as for the naïve retinas, its signal frequently colocalized with FG. This expression pattern was maintained as the postlesion time increased in all analyzed retinas, and it is worth noting that Brn3a expression was not shut down immediately after either axotomy. Taken together this analysis documented that Brn3a was expressed by most of the FG-labeled RGCs, and also that its expression was always circumscribed to RGCs, not only in naïve retinas, as described earlier, but also after optic nerve injury. Therefore, Brn3a may be used as a reliable and efficient marker to detect RGCs after IONT and IONC.
Brn3a Expression Pattern in Optic Nerve-Injured Adult Rat Retinas: Quantitative Analysis in Wholemounts
Once it was established that Brn3a was expressed in axotomized RGCs and that axotomy had not triggered the upregulation of Brn3a in other retinal neurons, we quantified the temporal loss of Brn3a ϩ RGCs in wholemounts of retinas after IONT or IONC, using the newly developed automatic routine. This analysis was performed in retinas that had been previously labeled with FG, and thus it was possible to compare the time course of RGC loss with both markers (Fig. 4) . In the retinas examined at 9 or 14 dpl, in addition to FG-labeled RGCs, there were also FG-labeled microglial cells; however, these were not seen under the rhodamine filter in the corresponding images that allowed observation of Brn3a ϩ RGCs (Figs. 4B, 4C ). The mean total number of FG ϩ RGCs and Brn3a ϩ RGCs present in the same retinas after IONT or IONC decreased with increasing survival intervals (Table 1, Fig. 5 ). After IONT the loss of Brn3a ϩ RGCs became statistically significant at 2 dpl (Mann-Whitney test, P Ͻ 0.05), when 65,120 Ϯ 6,439 cells (mean Ϯ SEM; n ϭ 8) were counted. At this time point, there was a significant difference between the number of Brn3a ϩ RGCs and the number of FG ϩ RGCs (80,899 Ϯ 4,406; n ϭ 8), as the latter do not differ from the total number of FG ϩ RGCs in naïve retinas. This finding is in agreement with previous studies indicating that the loss of FG-labeled RGCs was not significant until 5 dpl. 1, 11, 44 The loss of RGCs labeled with both markers progressed with time after IONT, although it always appeared more severe when Brn3a expression was analyzed (Table 1, Figs. 4, 5) . After IONC, the loss of Brn3a ϩ RGCs first became statistically significant at 5 dpl, when 40,690 Ϯ 6,227 Brn3a ϩ RGCs were counted (mean Ϯ SEM; n ϭ 8), whereas the mean total number of FG ϩ RGCs was 73,553 Ϯ 3,039 (mean Ϯ SEM; n ϭ 8). The latter did not differ from the naïve or right fellow retinas, as previously reported (ParrillaReverter G, et al. IOVS 2004;45:ARVO E-Abstract 911). 8 As it was observed after IONT, the loss of Brn3a expression induced by IONC appeared earlier than the clearance of FG-labeled RGCs (Table 1, Figs. 4, 5) . The loss of RGCs analyzed by FG-labeling or Brn3a expression after IONC appeared slower than after IONT (Table 1, Figs. 4, 5) .
The quantitative analysis was paralleled with inspection of the isodensity maps that showed the spatial retinal distribution of Brn3a ϩ RGCs. In the group of IONT retinas, as the survival intervals progressed, there was a tendency for warm colors to disappear throughout the whole retinal surface reflecting the diffuse loss of Brn3a ϩ RGCs. A similar time trend was observed for the IONC injured retinas, but this was less severe (Figs. 4D,  4E ). For instance, by 2 dpl, the loss of Brn3a ϩ RGCs was already apparent around the dorsal retina, where Brn3a ϩ RGCs adopt a typical high-density area (Fig. 4D) , and by 5 dpl the loss of Brn3a ϩ RGCs appeared diffuse and was spread throughout the retina (Fig. 4E ).
Brn3a Regulation after Optic Nerve Transection and Optic Nerve Crush
After determining that Brn3a was expressed by most FG ϩ RGCs in naïve and optic nerve-injured retinas we assessed, by means of Western blot analysis, the regulation of Brn3a protein in whole retinal extracts. The expression of this transcription factor decreased over time, both after IONT and IONC (Fig. 6 ), in agreement with our previous report, 38 where it was shown that the mRNA of Brn3a is downregulated by axotomy.
DISCUSSION
In the present studies, we have demonstrated that Brn3a is expressed by most of the FG ϩ RGCs, both in naïve and optic nerve-injured retinas. Importantly, we have also shown that Brn3a expression pattern does not change after retinal injury. Brn3a was detected in Western blot assays from protein extracts of the entire retina. This result is important because RGCs represent less than 1% of the retinal cell population, and RGC-specific proteins are highly diluted in whole retinal extracts. This dilution may explain why, even though in naïve retinas almost all FG-labeled RGCs were Brn3a ϩ , the signal was weak (compare Brn3a with actin bands in Fig. 6) . Our results also demonstrate that the levels of Brn3a protein decreased with time after IONT or IONC, in agreement with the quantitative data shown in this study and with our previous array analyses. 38 Brn3a expression was almost undetectable at 7 dpl; however, even at longer survival times, the Brn3a ϩ RGCs were detectable in the retina (Fig. 4, 5 ). This apparent discrepancy may be explained by the dilution effect, which increased with longer survival intervals, as fewer RGCs remained. Finally, it is possible that the detection of Brn3a using this approach may allow in future experiments the correlation of injury-induced RGC loss and the protection afforded by neuroprotective treatments.
In our study, Brn3a immunodetection in retinal wholemounts permitted the quantification of the total number of Brn3a ϩ RGCs using an automatic routine specifically developed for this purpose. This approach is facilitated by the fact that the Brn3a signal is nuclear. 36, 45 This is an advantage over Bex1/2 30 and neurofilament antibodies, 46 which are expressed in the cell bodies and axons of RGCs and thus cannot be used for RGC quantification analysis. The mean total number of Brn3a ϩ RGCs counted in the naïve retinas in our experiments are comparable to other studies investigating the number of RGCs in albino rats using different approaches, including counting optic nerve axons, 47 stereological procedures, 48 or sampling the retina and estimating the number of FG-traced RGCs. 21, 49, 50 Moreover, we show that in the same naïve retinas the numbers of Brn3a ϩ RGCs (83,449.3 Ϯ 4,541) and FG ϩ RGCs (80,251 Ϯ 2,210) are similar. This is consistent with a recent report 18 showing that the population of FG ϩ RGCs in SD rats was 81,486 Ϯ 4,340 (n ϭ 37; Table 3 FG from both SCi. The small population (3.4%) of FG ϩ Brn3a Ϫ RGCs could account for the RGCs that projected ipsilaterally as well as for those that project contralaterally to subcortical centers not involved in mediating cortical vision, all of which, in mice, have been reported to be Brn3a Ϫ . 36 Of interest, although the number of Brn3a ϩ RGCs in the retina illustrated in Figure 1A was only 1029 cells greater than the number of FG ϩ RGCs, the isodensity map revealed that these cells were concentrated in the typical region of high RGC density on the dorsal retina (Fig. 1B) . This result could be due to the high density of the cells, which indicates that in this area there may be more than one stratum of RGCs (Fig. 4A) . Because the Brn3a signal was nuclear, the distances between the positive nuclei were wider, allowing easier discrimination.
We have also analyzed the temporal RGC loss after intraorbital optic nerve transection or crush using both markers. Our data on FG ϩ RGC loss agrees with previous reports by several groups 1, 44 including our laboratory (Parrilla-Reverter G, et al. IOVS 2004;45:ARVO E-Abstract 911), 8, 11 showing that increasing survival intervals results in progressive loss of FG-labeled RGCs. Moreover, our data (Fig. 5 ) are also consistent with previous reports in that IONT 11 induces an earlier, quicker, and more severe loss than IONC does (Parrilla-Reverter G, et al. IOVS 2004;45:ARVO E-Abstract 911). 8 We have also shown for the first time the temporal loss of Brn3a expression in the same retinas, an analysis that was made possible by using an automatic routine to count all Brn3a ϩ RGCs rather than sampling and estimating. This is an advantage over FG-labeled injured retinal analyses because, in these, the presence of transcellularly labeled microglial cells impairs the automatic quantification. Moreover, detailed isodensity maps of Brn3a ϩ RGCs allowed us to observe for the first time how the progression of axotomy-induced RGC loss affected typical RGC spatial distribution within the retina (Figs. 4D, 4E ). The loss of RGCs appeared diffuse, affecting first the area where RGCs were more densely concentrated over the superior retina, and then diffusely affecting the rest of the entire retina, so that by 2 weeks after injury, there was a clear loss of RGCs over the entire retina. As mentioned earlier, this loss of Brn3a ϩ RGCs occurred earlier and was faster and more severe in the group of retinas that underwent IONT when compared with those that underwent IONC.
The temporal loss of Brn3a expression was observed much earlier than the loss of FG labeling. This difference has been also described when Thy1 has been used as an RGC marker in injured retinas. 2, 28, 29 However, the main concern of Thy1 as a marker of injured RGCs is not that its expression decreases before the loss of FG ϩ RGCs, but (1) that this decrease does not correlate with RGC death, as Thy1 expression shuts down in mice Bax Ϫ/Ϫ , in which RGCs are resistant to IONC 29 and (2) that on retinal injury, it is expressed by Müller cells. 27 Thy1 is a surface protein, whereas Brn3a is a transcription factor, it is reasonable to think that their molecular functions are quite different. In fact, little is known about the role of Thy1 in RGCs, and to our knowledge there are no reports linking Thy1 to survival. Of importance, it has been described that Brn3a has a survival function antagonizing p53 activation of two proapoptotic proteins, Noxa and Bax, 51, 52 and through the activation of survival genes, such as Bcl-2 53 or Hsp27. 54 Therefore, it is tempting to suggest that the loss of Brn3a expression happens earlier because it reflects a commitment to death triggered by optic nerve injury and thus precedes the disappearance of the FG-labeled RGCs by phagocytic clearance. This notion agrees with the fact that several proapoptotic proteins, expressed by optic nerve-injured RGCs are upregulated as soon as 12 hpl, peaking at 48 hpl. 38, 39 In this sense, as Brn3a is an endogenous marker of RGCs, its expression level may reflect the physiological state of an RGC, diminishing as the cell enters apoptosis. This possibility is further supported by the different temporal course of Brn3a ϩ RGC loss after IONT or IONC, which, as it happens when quantifying the loss of FG ϩ RGCs, is slower after IONC. This result points out that the loss of Brn3a expression is linked to the well-being of RGCs, since these survive longer after ON crush than after ON transection. 8, 11 In contrast, the disappearance of FG-labeled RGCs occurs when activated microglial cells phagocytose the RGC debris, thus delaying the clearing of FG from the tissue.
In summary, we have characterized the expression pattern of Brn3a in adult albino rat retinas, both naïve and injured, and found that Brn3a was a good marker for reliably identifying RGCs. An automatic routine allowed the quantification of the whole population of Brn3a ϩ RGCs present in naïve and optic nerve-injured retinas. Our results indicate that the loss of RGCs induced by IONT or IONC is identified earlier when these cells are detected by Brn3a expression rather than by FG-labeling, indicating that the downregulation of Brn3a expression precedes the disappearance of FG-traced RGCs from the tissue that follows IONT and IONC. Finally, Brn3a may be useful for other experiments including the use of its promoter for the specific delivery of genes to RGCs, or the correlation of RGC loss in Western blot assays.
